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SCIMP 

KEYBOARD KIT! 



National's new Keyboard Kit now gives SC/MP Kit users 
a low-cost input/output capability. This new kit replaces 
l^he Teletype* normally required by the SC/MP Kit and 
allows users to evaluate the SC/MP CPU and to develop 
a variety of application software. 

The heart of SC/MP Keyboard Kit is a ROM firmware 
package (512 bytes) called SCMPKB. The SCMPKB ROM 
replaces the "Kit Bug" ROM originally supplied with the 
SC/MP Kit and allows the effective use of the hexadecimal 
keyboard, to execute programs, to examine or modify 
the contents of memory and the SC/MP registers, 
and to monitor program performance. 

There is a hole pattern for additional integrated 
circuits on the SC/MP Kit PC card. By following the 

*A trademark of Teletype Corp. 



simple instructions in the SC/MP Keyboard Kit users 
manual, one can add buffers, decoders, drivers, 
multiplexers, etc. Simply replace the Kit Bug ROM 
(suppled in the SC/MP Kit) with the new SCMPKB ROM, 
connect the preassembled Keyboard cable connector 
to the kit card, and you are ready to go! 

National's Keyboard Kit comes complete with 
manual, all required integrated circuits, resistors, 
keyboard display cable connector assembly, wire wrap 
connectors, precut wires — even a hand-held wire wrap tool. 

This is a great kit for engineers and companies who 
don't have access to a Teletype. It is a low-cost teaching, 
learning, and developing tool for hobbyists, professors, 
students, and electronics entrepreneurs of all levels. 

The Keyboard Kit is another step in the SC/MP tradition 
of simple, cost-effective solutions to your microprocessor 
needs. 

To order your SCIMP Keyboard Kit: Call your local 
National Semiconductor distributor or sales representative. 
Ask for ISP-8K/400. 



21 -PIN 
FLAT 
CABLE 
CONNECTOR 



21 -WIRE CABLE 




HEX 

6-DIGIT 

DISPLAY 



SC/MPKB 

ROM WITH DEBUG 
KEYBOARD/DISPLAY 
SCANNING PROGRAM 



BUFFERS, DECODER 
DRIVER MULTIPLEXER 
ETC. I.e. WITH 
SOCKETS 



COMMAND 
KEYS 
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MEMORIES . . . 
AT A GLANCE 



The accompanying tables present a summary of 
National's wide range of semiconductor memory products. 
They show at a glance whether or not we supply a given 
memory type, its organization(s), and its production 
status. 

The letters in the tables represent memory organizations, 
as shown in the legend below the tables. Letters without 
asterisks show memories that are in volume production. 
The asterisks indicate products yet to enter production, 
although some of these are already in the sampling phase. 

A letter with an asterisk preceded by the same letter 
without an asterisk indicates that another version of the 
same device is to be put into production. The second 
version may differ from the first in speed, pin-out, number 
of leads, etc. Keep in mind, too, that a single letter entry 
in the tables may represent a number of product types 
differing, again, in speed, pin-out, number of leads, etc. 

In addition to the memory products shown in the tables. 
National supplies shift registers, plas, character 
generators, code converters, etc. Full information and 
specifications for our complete line of memory products 
will be found in our Memory Data Book ($3.00); for 
information on asterisked products, contact your local 
National representative. 



Organization Codes 



TOTAL 
BITS 


RAMS 


MOS 
(static) 


MOS 
(dynamic) 


CMOS 


BIPOLAR 


64 






0 


B.C 


256 


D 




D,E 


D 


1024 


G,i,r 




G,GM 


G* 


4096 


P*,0* 


0,0* 







TOTAL 
BITS 


ROMS 


MOS 


BIPOLAR 


256 




F 


1024 


l,J 


1 


2048 


M,N 


M,N* 


4096 


P,P*,Q,Q* 


Q 


8192 


R*,S 


S 


16,384 


U*,V* 


V,W 




TOTAL 
BITS 


PROMS/EPROMS 


MOS 


BIPOLAR 


256 




F 


1024 




1 


2048 


M,N 


M,M*,N 


4096 


P,Q,Q* 


P*,Q,Q* 



64 bits 




2048 bits 


A =64x1 


K 


= 2048 X 1 


B =32x2 


L 


= 1024 X 2 


C = 16x4 


M 


= 512 X 4 




N 


= 256 X 8 


256 bits 




4096 bits 


D = 256x1 


0 


= 4096 X 1 


E = 64 X 4 


P 


= 1024 X 4 


F = 32 X 8 


0 


= 512 X 8 


1024 bits 




8192 bits 


G = 1024x1 


R 


= 2048 X 4 


H = 512 X 2 


S 


= 1024 X 8 



256 X 4 
128 X 8 



16,384 bits 

T = 16,384 X 1 

U = 4096 X 4 

V = 2048 X 8 

W = 1024 X 16 



TITLE-IMP-16 PAPER TAPE 
TITLING ROUTINE 

TITLER converts as ASCII string of data to an eye 
readable paper tape format and outputs the result to the 
teletype. All printable ASCII characters except lower 
case alphabetic may be used. Illegal characters will be 
replaced by blanks on output. The string of ASCII 
characters may be packed either one or two characters 
per word, but must be terminated by a byte of zeroes in 
either case. 

Memory Requirements: 

Base sector — None 

Top sector — X'F8 (248io) words 

Stack — 4 + teletype output routine usage 

Register and Flag Usage: 

ACO, 1, 2, 3 and SEL Flag are used. Previous contents are 
destroyed. 

Note: The program uses no scratch pad memory, so it 
may be used in either a RAM or ROM environment. 

Contributed by Steve Shaiman, 
Honeywell, Marine Systems Division, 
Seattle, Washington. 
Library program SL0030A 
Listing — No Charge 
Source Paper Tape $5.00 



1 0000 

2 0000 

3 0000 

4 0100 

5 0100 

6 0100 

7 0100 

8 0100 

9 0100 
10 0100 



-PAPER TAPE 



0100 A 



.TITLE IMP002, TITLER- 
LABELING ROUTINE' 
.ASECT 
.=X'100 



INPUTS: R2 = ADDRESS OF TITLE MESSAGE 
R1 = 0 IF CHARACTERS ARE PACKED 
2/WORD 

NON-ZERO IF CHARACTERS 
ARE PACKED 1/WORD 
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11 0100 

12 0100 

13 0100 

14 0100 



15 0100 


4100 


A TITLER: 


PUSH 


1 


16 0101 


4400 


A NEXT WD: 


PULL 


0 


17 0102 


4000 


A 


PUSH 


0 


18 0103 


1504 


A 


BOC 


5,0NLY1 


19 0104 


0A80 


A 


PFLG 


2 


20 0105 


8200 


A 


LD 


0.(2) 


21 0106 


5CF8 


A 


SHR 


0,8 


22 0107 


2906 


A 


JSR 


CPUNCH 


23 0108 


8200 


A 0NLY1: 


LD 


0.(2) 


24 0109 


6126 


A 


AND 


O.XFF 


25 01 OA 


2903 


A 


JSR 


CPUNCH 


26 010B 4A01 


A 


AISZ 


2,1 


27 010C 3081 


A 


NOP 




28 010D 


21 F3 


A 


JMP 


NEXTWD 


29 010E 


1116 


A CPUNCH: 


BOC 


1 , TITEND 


^30 010E 


E121 


A 


SKG 


0, MINVAL 


31 0110 


2112 


A 


JMP 


ILCHAR 


32 0111 


E120 


A 


SKG 


0, MAXVAL 


33 0112 


2101 


A 


JMP 


.+2 


34 0113 


210F 


A 


JMP 


ILCHAR 


35 0114 


8D1E A POINTC: 


LD 


3,PTABLE 


36 0115 


48 EO 


A 


A 1 C7 

AIoZ 


n von 
U,-A d[J 


37 0116 


3081 


A 


NOP 




38 0117 


3300 


A 


RADD 


0,3 


39 0118 


3000 


A 


RADD 


0,0 


40 0119 


3300 


A 


RADD 


0,3 


41 011A 


8300 


A 


LD 


0,0(3) 


42 011B 


290C A 


JSF 


PUT2C 


43 one 8301 


A 


LD 


0.1(3) 


44 011D 


290A 


A 


JSR 


PUT2C 


45 011E 


8302 


A 


LD 


0,2(3) 


46 011F 


2908 


A 


JSR 


PUT2C 


I7 0120 


4C00 


A 


LI 


0,0 


48 0121 


2906 


A 


JSR 


PUT2C 


49 0122 


0200 


A 


RTS 




50 0123 


4C20 


A ILCHAR: 


LI 


0,X'20 


51 0124 


21 EF 


A 


JMP 


POINTC 


52 0125 


4400 


A TITEND: 


PULL 


0 


53 0126 


4400 


A 


PULL 


0 


54 0127 


0200 


A 


RTS 




55 0128 


3181 


A PUT2C: 


ROPY 


0,1 


56 0129 


0A80 


A 


DCI P 

rrLb 


0 
L 


57 012A 


5CF8 


A 


SHR 


0,8 


58 01 2B 


2D08 


A 


JSR 


@PUTCP 


59 012c 3481 


A 


ROPY 


1.0 


60 012D 6102 


A 


AND 


O.XFF 


61 012E 


2D05 A 


JSR 


@PUTCP 


162 012F 


0200 


A 


RTS 




63 0130 










64 0130 


OOFF 


A XFF; 


.WORD X'FF 


65 0131 


001 F 


A MINVAL: 


.WORD X'1F 


66 0132 


0060 


A MAXVAL: 


.WORD X'60 



NOTES: TITLE MESSAGE MUST BE TERMINATED 
BY A 0 BYTE ALL ILLEGAL CHARACTERS 
WILL BE REPLACED BY BLANKS 



iSAVE CHARACTER 
PACKING 

;R0 = CHARACTER 
PACKING 

;RETURN CHARACTER 
PACKING TO STACK 

;BRANCH IF CHARACTERS 
1/WD 

CLEAR SEL FOR SHIFTING 
RO = CHARACTER WORD 
MOVE 1ST CHARACTER TO 
BITS 7-0 

PUNCH CHARACTER ON 
TAPE 

RO = CHARACTER WORD 
STRIP OFF BITS 15-8 
OUTPUT CHARACTER IN 
BITS 7-0 TO HY 
INCREMENT CHARACTER 
STRING POINTER 



;BRANCH IF CHARACTER 
IS NULL (0) 

;SKIP IF CHARACTER MAY 
BE VALID 

;DONTSKIP IF CHARACTER 
IS VALID 



;R3 POINTS TO START OF 

CHAR GENERATOR 
;COMPUTE ADDRESS IN 

CHARACTER GENERATOR 
;0F START OF CURRENT 

CHARACTER 
;ADDRESS = 

;PTABLE + (ASC11-X'20)*3) 



iOUTPUT 1ST 1/3 OF 
CHARACTER TO TTY 

iOUTPUT 2ND 1/3 OF 
CHARACTER TO HY 

;OUTPUT 3RD 1/3 OF 
CHARACTER TO HY 

iOUTPUT NULL TO 
SEPERATE CHARACTERS 

;REPLACE ILLEGAL 
CHARACTER WITH BLANK 

;PULL PARAMETER & 
INTERNAL RETURN OFF 
iSTACK 

;R1 = 16 BITS FOR TTY 
OUTPUT 

iCLEAR SEL FOR SHIFTING 
;MOVE BITS 15-8 TO 
BITS 7-0 

iOUTPUT BITS 15-8 TO HY 
iRO = 16 BITS FOR TTY 
OUTPUT 

iSTRIP OFF BITS 15-8 
iOUTPUT BITS 7-0 TO TTY 



;CHARACTER PRECEEDING 

1ST VALID ASCII 
;LAST VALID ASCII 

CHARACTER 



67 0133 0135 A PTABLE: 

68 0134 7E59 A PUTCP: 

69 0135 

70 0135 : 

71 0135 : 

72 0135 0000 A TABLE: 

0136 0000 A 

0137 0000 A 

73 0138 0000 A 
0139 DFOO A 
01 3A 0000 A 

74 01 3B 0007 A 
01 3C 0000 A 
01 3D 0700 A 

75 013E 0014 A 
013F 3E14 A 
014D 3E14 A 

76 0141 444A A 

0142 FFFF A 

0143 4A32 A 

77 0144 C323 A 

0145 1008 A 

0146 6463 A 

78 0147 46A9 A 

0148 91AA A 

0149 44A0 A 

79 014A 0004 A 
014B 0201 A 
01 4C 0000 A 

80 014D 0000 A 
014E 3C42 A 
014F 8100 A 

81 0150 0081 A 

0151 423C A 

0152 0000 A 

82 0153 002A A 

0154 1C7F A 

0155 1C2A A 

83 0156 0808 A 

0157 3E08 A 

0158 0800 A 

84 0159 0080 A 
01 5A 4020 A 
01 5B 0000 A 

85 015C 0808 A 

01 50 0808 A 
01 5E 0800 A 

86 015F 0000 A 
01 6C COCO A 
0161 0000 A 

87 0162 8020 A 

0163 0804 A 

0164 0100 A 

88 0165 7EA1 A 

0166 9189 A 

0167 857E A 

89 0168 8482 A 

0169 FF80 A 
01 6A 8000 A 

90 016B C1A1 A 
016C 9189 A 
016D 8186 A 

0170 8976 A 

92 0171 1814 A 

0172 12FF A 

0173 1010 A 

93 0174 4F89 A 

0175 8989 A 

0176 8971 A 

94 0177 7E91 A 

0178 9191 A 

0179 9162 A 

95 017A 01C1 A 
017B 2111 A 
017C 0907 A 

96 01 7D 7689 A 
01 7E 8989 A 
01 7F 8976 A 

97 0180 4689 A 

0181 8989 A 

0182 897E A 



.WORD TABLE iADDRESS OF START OF 

CHARACTER GENERATOR 
.WORD X7E59 iADDRESS OF PUTC 
.PAGE 'CHARACTER GENERATOR' 



.WORD 00000,00000,00000 iSPACE 20 



.WORD 00000, ODFOO,00000 i! 



.WORD 00007.00000.00700 i' 



.WORD 00014, 03E14,03E14 i# 



.WORD 0444A,0FFFF.04A32 i$ 



.WORD 00323,01008.06463 i% 



.WORD 046A9.091AA,044A0 i& 



.WORD 00004.00201.00000 i' 



.WORD 00000.03C42.08100 i( 



.WORD 00081,04230.00000 i) 



.WORD 0002A.01C7F,01C2A 



.WORD 00808. 03E08. 00800 i + 



.WORD 00080.04020,00000 i. 



.WORD 00808,00808,00800 



.WORD 00000,00000,00000 



.WORD 08020,00804,00100 \l 



.WORD 07EA1, 09189, 0857E iO 



.WORD 08482. 0FF80. 08000 i1 



.WORD 0C1A1 .09189,08186 i2 



.WORD 01814. 012FF. 01010 i4 



.WORD 04F89.08989. 08971 i5 



.WORD 07E91, 09191, 09162 i6 



.WORD 001 01 .021 11. 00907 i7 



.WORD 07689.08989.08976 i8 



.WORD 04689. 08989, 0897E i9 



21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
2D 
2E 
2F 
30 
31 
32 

34 
35 
36 
37 
38 
39 
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98 0183 


0000 


A 


\ k 1 r\ r\ aaaaa aaaaa a a a a a 

.WORD 00000,06666,00000 


•• 


3A 


0184 


6666 


A 








0185 


0000 


A 








99 0186 


0040 


A 


\ k 1 r\ r\ AAAilA AAAAA AAAAA 

.WORD 00040,06626,00000 


'I 


3B 


0187 


6626 


A 








0188 


0000 


A 








100 0189 


0010 


A 


.WORD 00010.02844,08200 


;< 


3C 


018A 


2844 


A 








018B 


8200 


A 








101 018C 


0028 


A 


\«*^r^r\ f\f\r\rtn rtr»nnn nnnnn 

.WORD 00028,02828,02800 


I — 


3D 


018D 


2828 


A 








018E 


2800 


A 








102 018F 


0082 


A 


\ A 1 r\ AAAAA A A JAA A-^AAA 

.WORD 00082,04428,01000 


; > 


3E 


0190 


4428 


A 








0191 


1000 


A 








103 0192 


B109 


A 


.WORD 0B109, 00909, 00600 


;7 


3F 


0193 


0909 


A 








0194 


0600 


A 








104 0195 


3C42 


A 


\ k 1 r\ r\ r\ aaa^ia Ar~ a f~ a AfAAA 

.WORD 03C42,05A5A,0520C 


;@ 


4D 


0196 


5A5A 


A 








0197 


520C 


A 








105 0198 


FCOA 


A 


.WORD OFCOA, 00909, OOAFC 


;A 


41 


0199 


0909 


A 








01 9A 


OAFC 


A 








106 019B 


FF89 


A 


.WORD 0FF89, 08989, 08976 


;B 


42 


019C 


8989 


A 








019D 


8976 


A 








107 019E 


7381 


A 


.WORD 07E81 ,08181 ,08142 


;C 


43 


019F 


8181 


A 








01 AO 


8142 


A 








108 01A1 


FF81 


A 


.WORD 0FF81, 08181, 0817E 


;D 


44 


01A2 


8181 


A 








01A3 


817E 


A 








109 01A4 


FF89 


A 


.WORD 0FF89, 08989, 08981 


;E 


45 


01A5 


8989 


A 








01A6 


8981 


A 








110 01A7 


FF09 


A 


\kir\rtn\ f\rrr\r\ r\f\f\r\r\ f\r\r\r\-i 

.WORD 0FF09, 00909, 00901 


;F 


46 


01AB 


0909 


A 








01A9 


0901 


A 








111 01AA 


7E81 


A 


.WORD 07E81,081A1,0A162 


;G 


47 


01AB 


81A1 


A 








01AC 


A162 


A 








112 01AD 


FF08 


A 


.WORD 0FF08, 00808, 008FF 


;H 


48 


01AE 


0808 


A 








01AF 


08FF 


A 








113 01B0 


0081 


A 


.WORD 00081, 0FF81, 0000 


;l 


49 


01B1 


FF81 


A 








01B2 


0000 


A 








AAA A -4 n O 

114 01B3 


4081 


A 


.WORD 04081 ,0817F, 00101 


;J 


4A 


01B4 


817F 


A 








01B5 


0101 


A 








A A c f\ A r\ 

115 01B6 


FF08 


A 


\ki^r\r\ ArrAA a-^aaji AjIAA^ 

.WORD 0FF08, 01824, 04281 


;K 


4B 


01B7 


1824 


A 








01B8 


4281 


A 








116 01B9 


FF80 


A 


.WORD 0FF80, 08080, 08080 


;L 


4C 


01 BA 


8080 


A 








01BB 


8080 


A 








A A ~7 A -4 A 

117 01BC 


FF04 


A 


\ k 1 r\ r\ r\ t~ t~r\ a aaaaa r\ r\ a rr" 

.WORD 0FF04, 00808, 004FF 


;M 


4D 


01BD 


0808 


A 








01BE 


04 FF 


A 








118 01BF 


FF06 


A 


1 4 / /-V r-\ /\r^AA AAA^A AAA^r 

.WORD 0FF06, 00810, 060FF 


;N 


4E 


01 CO 


0810 


A 








01C1 


60FF 


A 








119 01C2 


7E81 


A 


.WORD 07E81, 08181, 0817E 


;0 


4F 


01 C3 


8181 


A 








01 C4 


817E 


A 








•4 A A ri A r\r 

120 01C5 


FF09 


A 


\ k 1 /'\ r\ r\ Ar~r~AA aaaaa aaaaa 

.WORD 0FF09, 00909, 00906 


;P 


50 


01C6 


0909 


A 








01C7 


0906 


A 








121 01 C8 


7EB1 


A 


.WORD 07E81,081A1,0C1FE 


;Q 


51 


01C9 


81A1 


A 








01 CA 


C1FE 


A 








122 01CB 


FF19 


A 


.WORD 0FF19, 00929, 04986 


;R 


52 


01 CC 


0929 


A 








01CD 


4986 


A 








123 01CE 


4689 


A 


\kir\r\r\ a>iaaa aaaaa aaa^a 

.WORD 04689,08989,08972 


;S 


53 


01CF 


8989 


A 








01 DO 


8972 


A 








A r\ A n A r\ A 

124 01D1 


0001 


A 


\ k t r\ r\ AAA A -4 r\ n A r~ r~ r\r\ a r\ a 

.WORD 00001, 001FF, 00101 


;T 


54 


01 D2 


01 FF 


A 








01D3 


0101 


A 









4 



i?s nin4 


7Fftn 

/ rou 


A 


WDRD 07FftO OOOftO 0ft07F 
.vvunu u/ rou,uuuou,uou/ r 


-II 

, u 


jj 


U 1 U J 


ooftn 

UuOu 


A 








ni Dfi 


OU / r 


A 










?F40 
orHU 


A 


WDRD 0'^F40 OftOflO 040'^F 
.vvunu uor*TU,uouou,u*TUor 


, V 


JO 


U 1 uo 


OUOU 


A 








ni no 


40'^F 

Huor 


A 
M 








197 ni nA 


FF40 


A 
M 


WnRD 0FF40 09090 040FF 
.vvunu urrHu,u^ucu,UHurr 


•w 

, vv 


R7 

O/ 


01DB 


2020 


A 








ni DP 


4nFF 
*Turr 


A 








1?8 niDD 


C324 


/\ 


WDRD On'^94 01818 0940*^ 


x 


58 


01DE 


1818 


/\ 








01DF 


2403 


A 








ipq niFfl 


oom 

UUU 1 


A 


WDRD 00001 009FP 00901 
.vvunu uuuu 1 ,uu^ru,uu^u 1 


•Y 


Jl7 


U 1 C 1 


OPFP 


A 








ni F9 


0901 

UcU 1 


A 
M 








1 OU U 1 CO 


PI A1 


A 
M 


WHRn 0P1A1 OQIftQ OfiRft'^ 
.vvunu UU 1 M 1 ,Ui7 1 Oc7 ,UOJJOO 


7 


RA 

OM 


ni F4 




A 








ni Fs 


oooo 


A 








1 O 1 U 1 CU 


0000 
uuuu 


A 


WORD 00000 OFFftI OftlOO 
. vvunu uuuuu,urro i ,uo luu 


• r 
. L 


53 


niF7 

U 1 C / 


FFft1 
rro 1 


A 








ni Fft 

U 1 CO 


ftlOO 

O 1 UU 


A 








1 Oc. U 1 C%7 


0104 

U 1 U*T 


A 


WDRn 00104 00ft90 OROOO 
.vvunu UU 1 u*T ,uuot.u ,uouuu 




SP 


01 FA 

U 1 CM 


UO^U 


A 
M 








niFR 

U 1 CD 


ftOOO 
ouuu 


A 








1 OO U 1 CU 


00ft 1 

UUO 1 


A 


WflRD OOOftI OftlFF 00000 
. vvunu uuuo 1 ,uo i rr,uuuuu 


, J 


OU 


ni Fn 

U 1 CU 


ftlFF 
o 1 rr 


A 
M 








ni FF 

U 1 CC 


0000 
uuuu 


A 








134 01EF 


0402 


A 


WDRD 00409 07F09 00400 
.vvunu uu^u^ , u / ru^ , uu^uu 


' 1 


SF 
oc 




7P02 


A 






1 
\ 


niF1 
u 1 r 1 


0400 

UHUU 


A 








1 O J U 1 tc. 


9070 


A 


WnRn 09070 0AR90 09090 

.vvunu U£U/ U,UMO^U,U^U^U 




SF 
or 


01 F'^ 
U 1 rO 


Aft90 


A 








01 F4 


9090 


A 
M 








1 OO u 1 r J 


0000 
uuuu 


A 


WDRD 00000 00109 00400 
.vvunu uuuuu,uu iu£,uu*tuu 




RO 

OU 


01 F6 


0102 


A 








01 F7 


0400 


A 








137 01F8 






.END 







^ ^ 2 



PROGRAMMING TIDBITS: 

SOFTWARE STACK ROUTINE 
PACE MICROPROCESSOR 

If the pace 10 word on-chip stack is not enough for your ^ 
application, there is a software stack routine published 
in the PACE Users Manual (IPC-16P/968 pub. no. 
4200068) Pages 3-35. 

PROM SOCKETS 

Need additional prom sockets for your programs (or 
RAMDUMP or DEBUGC)? If you don't have a card reader 
with your prototyping system, you can remove the ROMs 
at addresses and 7F00 through 7FFF and use these 
sockets for your own PROM'S or ROM's. 



Microprocessor Service Center 

Please use this address for return or repair of 
microprocessor hardware. ^ 

NATIONAL SEMICONDUCTOR 
2921 COPPER ROAD 
SANTA CLARA, CA. 95035 

ATTN: MICROPROCESSOR SERVICE CENTER 
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^Dear Georgia, 

I just received the June, 1976, COMPUTE. The information 
on PACE interrupts was very interesting, as was the program 
NUMPRG on page 5. This program will not function 
properly if the CARRY flip flop happens to be set when 
the program is invoked. The problem, which results from 
the fact that "DECA" means Decimal Add with Carry, 
can be corrected by adding a "PFLG 7" instruction at 
the beginning of the program. Since the "PFLG 8" 
instruction at the end of the program isn't really necessary, 
the subroutine can still be made to fit in 48 words. It is 
very slow for numbers of large magnitude, though, taking 
1.32 seconds to convert X'7FFF, whereas my version takes 
2.25 milliseconds. NUMPRG is very clever, none the less. 

Sincerely, 
James Gaudreault 
7909 14th Ave. 102 
|lyattsville, Md. 20783 

Attn: Georgia Marszaiek, 

I have had more than six months of concentrated 
IMP-16 programming experience with your IMP16P 
development system with floppy disc and high speed 
printer. Please include my name and company with your 
list of consultants as published in COMPUTE. 

Keep up the good work and thanks. 

^Very truly yours, 
'Paul F. Fitts 
Dir Sys Dev 

Innovatek Microsystems Inc. 
Smithfield Road 
Mullerton, New York 12546 

Dear Georgia: 

I'm pleased to see that you're reprinting Hal Chamberlin's 
articles on his IMP-16 system. I've been following this 

Ieries, as it has appeared in The Computer Hobbyist, 
nth great interest, and am getting together the 
components to construct the system. I hope eventually 
to have a system somewhat comparable to the one 
outlined by Dean Lapham in Bit-Bucket, Vol. 1, No. 3, 
and Hal's system seems just about ideal for this. 

I did note a few errors, though, in your reprinting of 
Part 2. They're fairly obvious, but I'll point them out 
anyway: 

In Figure 3, the 8223 ROM "CPU-2 " should be 
programmed 00101000 at Address 20. 

In Figure 4, the programming of CPU-2 at time state 
19 should be 00100010, and at time state 20 00101000. 
ROM address at time state 23 should be 2. 



In Figure 5, the line labeled LOC RESET should be 
BUS CLOCK, and should connect to PUNIBUS line 27. 



The line you have labeled BUS CLOCK was LOC RESET 
lin the original TCH version of Figure 5. However, I wonder 
if this was correct. If I understand the reset logic correctly, 
when you have power up, the PWR OK line goes low, this 
should put the output of the first 7413 high, and this, after 
delay in the RC network, outputs a logic zero from the 



second 7413. Inversion of this by a 7404 then should put 
the line in question high, i.e., LOC RESET. Likewise, it 
looks as though PUNIBUS line 33 comes out active high, 
or BUS RESET, while the line labelled LOC RESET is 
active low. 

Figures 3 and 4 in the TCH version were relabelled 5 and 
6 respectively in your reprinting, and vice versa. However, 
text references to these figures were not changed accordingly. 

Very truly yours, 
Norman F. Stanley 
P.O. Box 723 
Rockland, Maine 04841 

LOW-COST 
DEVELOPMENT 
SYSTEM FOR SC/MP 
MICROPROCESSOR! 

The SC/MP Low-Cost Development System (lcds) is a 
simple-to-use controller that provides a maximum of 
flexibility at a minimum — and very affordable — cost. It 
has everything needed to develop and test sc/mp hardware 
and software designs for your applications. 

LCDS features easy interfacing and expansion. Four 
prewired edge connectors, for example, provide a plug-in 
interface for sc/mp family cards, and also let you 
interconnect additional sc/mp applications hardware. 
(There's room for a fifth connector, too, if you wish to 
add it.) You can also add a flat cable connector for 
coupling the lcds to an external card cage. 

Built-in control and monitor functions permit transfer of 
control between the lcds resident firmware — subroutines 
that let you enter software debug commands via the 
control and display panel, or an optional Teletype^** 
— and your own application programs. 

Expansion is easy, too, because of the cards offered for 
use with the lcds. The 2K x 8 read/write memory and 
4K X 8 ROM/PROM cards, for example, provide additional 
memory: just plug them into the card bus. 

The minimum lcds comprises a sc/mp cpu card, 
scratchpad memory, ROM-based firmware, and control 
logic. Also included are a 16-key dual-function 
hexidecimal keyboard, all necessary function keys and 
control switches, and a six-digit hexadecimal display. 

With the basic lcds configuration alone, you can examine 
and alter the sc/mp programs in continuous or single 
instruction mode, and even operate with an optional 
Teletype using sc/mp debug. 

LCDS Brochures are available from Marketing Services. 

NATIONAL SEMICONDUCTOR 
Attn: Marketing Services 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

The LCDS Part Number is ISP-8P/301 
Price $499.00 
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Loading CASM on the Disc 

CASM can be loaded on the IMP-16 disc by using 
the DISC LOADER with the following comnnands. When 
loading the tape the tape reader will stop with a Sequence 
error at the point where the first part of CASM stops 
and the second part begins, to continue loading push 
the RUN button on the control panel. One thing to 
remember is that CASM does not include any Disc I/O 
routines so that the source and object programs cannot be 
written to or read from the Disc with the Dl and DO com- 
mands found in the Disc version of EDITING and IMPASM. 

DISC LOADER (REV. E) 
READY.^Load IMP-16 Disc Loader. 
! LM(cR) <-Request Load Map. 
! MP 0E7(cR) -^Specifv to which sector 
CASM is to be written. 

! OTS0(cr) \ 

{ Specify origin of Base 

( and Top Sectors 
! OBS0(cr) ; 



! RLM(^ ^Load CASM PT from TTY 

or high-speed tape reader. 
CEDT16 P00642A 2/21/75 
SEQ 1AA6 78B5 
BS = 0000:OOFE TS = 0000:0000 , ^ 
AS = 01EC:15C1 ENT = OFBO ^""^"^ map mformation. 

! G0 OFBO(cR) ^Write CASM to DISC with entry point OFBO, 
BS = 0000:OOFE TS = 0000:0000 
AS = 01EC:15C1 PTR = 0100:0100 
ENT - OFBO 

PGM WRITTEN TO SECTORS 00E7:00FB 
! XEC 0E7(cR) ^Execute CASM from DISC. 
NSC CONVERSATIONAL ASSEMBLER 1/2/75 
? KB/CR^ 



Underlining indicates commands typed by user. 
(cr) indicates carriage return. 

^ ^ ^ 



SC/MP PRICES 


sc/mp chip 
partsid.no. 


DESCRIPTION 


PRICE 




PRICE 


ISP-8A/500D 


SC/MP CPU Chip 


1-24 

$ 17.76 




25 UP 

$ 16.50 


SC/MP APPLICATION CARDS 

PARTS ID. NO. DESCRIPTION PRICE 

1-9 

ISP-8C/002 SC/MP Application RAM Card (2K x 8) $160.00 
ISP-8C/004B SC/MP Application ROM/PROM Card (4K x 9) (With sockets for eight MM5204/5214's) 125.00 
ISP-8C/004P SC/MP Application ROM/PROM Card (4K x 8) (With eight MM5204Q's supplied) 525.00 
ISP-8C/100 SC/MP Application CPU Card (Includes 256 x 8 RAM & sockets for 512 x 8 of ROM/PROM) 250.00 
ISP-8C/100R SC/MP Application CPU Card (Includes 256 x 8 RAM & hole pattern for 1 or 2K by 8 of ROM/PROM 255.00 




PRICE 
10 UP 

$152.00 
119.00 
499.00 
238.00 
243.00 


SC/MP KIT & DEVELOPMENT SYSTEM 
PARTS ID. NO. DESCRIPTION 

ISP-8K/200 SC/MP Kit 

ISP-8P/301 SC/MP LCDS (Low Cost Development System) 


PRICE 
1-24 

$ 99.00 
499.00 




PRICE 1 
25 UP ' 

$ 95.00 
N/A 


SC/MP CROSS ASSEMBLER SOFTWARE PACKAGES 
PARTS ID. NO. DESCRIPTION 

ISP-8S/100C SC/MP 4K (IMP-16 based) Package (object paper tapes and listings) 

ISP-8S/100Q SC/MP 4K (IMP-16 based) Package (object punched cards and listings) 

ISP-8S/101C SC/MP 8K (IMP-16 based) Package (object paper tapes and listings) 

ISP-8S/101Q SC/MP 8K (IMP-16 based) Package (object punched cards and listings) 
ISP-8S/102P SC/MP (ANS FORTRAN) Package (Source punched cards and listings) 


PRICE 
1-24 

$150.00 

150.00 

150.00 

150.00 
495.00 




PRICE 
25 UP 

N/A 

N/A 

N/A 

N/A 
N/A 


SC/MP MANUALS 
PARTS ID. NO. 

ISP-8S/994y 


DESCRIPTION 

SC/MP Assembly Language Programming Manual 


PRICE 

$ 10.00 




PRICE 

N/A 


N8080 PRICES 


PARTS ID NO. 
INS8080AD 


DESCRIPTION 

8-BIT CENTRAL PROCESSING UNIT (2 ^jls) 


PRICE PRICE 
1-9 10-24 

$35.00 $29.00 


PRICE 

25-99 

$24.50 


PRICE 
100 UP 

$19.95 
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APPLICATION NOTE 167-18 

DATA DOMAIN MEASUREMENT SERIES 

Functional 
analysis of 

National 

Semiconductor 

SC/MP 

microprocessor 
system. 




1. INTRODUCTION 

This application note is designed to assist the user of 
the National Semiconductor SC/MP microprocessor in 
the real time analysis of his system in both design and 
troubleshooting environments. The note demonstrates 
real time analysis of actual program sequences, trig- 
gering on specific events, use of the map, paging 
technique, and observation of information flow on the 
data bus. 

The SC/MP is a single-chip microprocessor pack- 
aged in a 40-pin DIP package and intended for use in 
general-purpose applications. The chip has self-con- 
tained timing circuits (frequency is set with an external 
crystal or capacitor), 16-bit addressing capability, and 
serial and parallel data transfer capability. The Central 
Processing Unit (CPU) contains an 8-bit data bus and 
a 12-bit address bus as well as three pointer registers 
capable of automatic incrementing or decrementing. 
The architecture makes possible a very low-cost system 
including internal I/O ports and compatability with 
most standard TTL/CMOS components. 

2. PIN ASSIGNMENTS 



NWDS 




1 c 




1 40 






NRDS 




2 




~n 39 




NADS 


ENIN 








38 




X2 


ENOUT 




* d 




"H 37 




X1 


BREQ 








^36 




AD11 


NHOLD 




6 C 




^35 




AD10 


NRST 








"n34 




AD09 


CONT 




• c 




^33 




AD08 


DB7 








II] 32 




AD07 


DB6 






NATIONAL 






AD06 












DB6 




lid 


SC/MP 


~n3o 




ADOS 


DB4 








^29 




AD04 


DB3 




13CI 




^28 




AD03 


DB2 




I4CI 




~127 




AD02 


DB1 








ZD 26 




AD01 


DBO 








ZJ2S 




ADOO 


SENSE A 




"C 




Z]24 




SIN 


SENSE B 




isC 




~l23 




SOUT 


FLAG 0 








311 22 




FLAG 2 


vss 




20 CI 




^21 




FLAG 1 



PIN NAME 


FUNCTION 


DB0-DB7 


Data Bus 


AD00-AD1 1 


Address Bus 


FLAG 0-FLAG 2 


User Assigned, General-purpose Bit 


XI. X2 


To Ext Timing Xtal/Cap. 


NWDS 


Write Strobe Output 


NRDS 


Read Strobe Output 


ENIN 


Enable Input 


ENOUT 


Enable Output 


BREQ 


Bus Request Input/Output 


NHOLD 


Hold Lengthens Input/Output Cycle 


NRST 


Reset Input 


CONT 


Continue Input 


SENSE A-SENSE B 


General Purpose Status Inputs 


NADS 


Address Strobe Output 


SIN 


Serial Input 


SOUT 


Serial Output 


vss 


Positive Supply Voltage 


vgg 


Negative Supply Voltage 
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3. PROBE CONNECTIONS 

A system that will not "come up" can frequently be 
debugged by monitoring address flow alone. With the 
SC/MP, the following Logic State Analyzer Probe con- 
nections will display activity on the SC/MP Address 
Bus. 



LOGIC ANALYZER 



SC/MP PIN NUMBER 





0 




25 


(ADOO) 




1 




26 


(AD01) 


10231 


2 




27 


(AD02) 


DATA 


3 




28 


(AD03) 


PROBE 


4 




29 


(AD04) 




5 




30 


(ADOS) 




GND 


—2 


L 







6 


— 31 


(AD06) 




7 


32 


(AD07) 


10231 


8 


33 


(AD08) 


DATA 


9 


— 34 


(AD09) 


PROBE 


10 


35 


(AD10) 




11 


— 36 


(AD11) 




GND 









CLOCK 


10230 




CLOCK 




PROBE 






GND 



— 2 (NRDS) 



4. SETTING THE CONTROLS 

Turn power on to the Logic State Analyzer and set 
controls as follows: 



Display Mode 
Sample Mode 
Start Display 
Trigger Mode 
Threshold 
Clock 

All other pushbuttons 
Display Tinne 
Column Blanking 
Qualifiers 

Trigger Word Switches 



Table A 

SQL 

ON 

WORD 

TTL 

T 

Out Position 
ccw 

Display 12 bits 
OFF 

Set to Address at which 
you wish to trigger* 



*lf program is not looping or cycling through the 
selected address, press RESET and start your system. 
The first time the system passes through the selected 
trigger state, the display will be generated and stored. 

5. DISPLAY INTERPRETATION 

Figure 1 shows the display of information on the 
address bus (A) and the program from which it was 
derived (B). This figure will help you understand the 
Logic State Analyzer display. Your own program will 
do equally well. Proper system program operation is 
verified by a comparison of the table display with the 
program listing. 

The entire program can be viewed in 16 word 
"Pages" by resetting the trigger word switches to 
correspond to the last (16th) word in each successive 
display. This paging technique can also be accom- 
plished by using the Digital Delay thumbwheel switches 
advanced in increments of 16. 




0000 0000 0011 
0000 0000 0100 

0000 0000 0101 
0000 0000 Olio 
0000 0000 0111 
0000 0000 1000 




Figure 1. Syst(?rTi activity on thf? SC MP A(jdross Bus 



-fooTI 


C4 


LDI 


Two byte Instruction to load AC with 


002 


03 


DATA 


high order bits (03ig) for Pointer 1. 


003 


35 


XPAH 


Load (AC) into Pointer 1 MSB. 


004 


C4 


LOI 


Two byte Instruction to load AC with low 


005 


F4 


DATA 


order bits (F4^5) for Pointer 1. 


006 


31 


XPAL 


Load (AC) Into Pointer 1 LSB (Pointer 1 








03F4). 


007 


90 


JMP 


Two byte Instruction Indicates how many 


008 


75 


DISP 


program steps to jump. 


-foeTI 


90 


JMP 


Two byte Instruction Indicates how many 


088 


49 


DISP 


program steps to jump. 


-[552] 


08 


NOP 


No operation. 


»>0D3 


CI 


LDI 


Two byte Instruction to load I/O Port 


0O4 


00 


DISP 


1 Into AC. 


3F4 


53 


DATA 


Data secured from I/O port addressed by 








Pointer 1. 


OOS 


D4 


AND 


Two byte instruction to "AND" data from 


0D6 


FO 


DATA 


Pointer 1 with (FO-jg). 


0D7 


9C 


JNZ 


Two byte Instruction to loop to 0D3 If 


— 0D8 


FA 


DISP 


(AC) / 0. 
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6. THE MAP 

If a tabular display is not presented in the previous 
step, it means that the system did not access the 
selected address and the No Trigger light will be on. 
To find where the system is residing in the program, 
switch to "map" (figure 2). The Logic State Analyzer 
trigger word switches are now operating in their 
cursor positioning mode. Use the trigger word switches 
to position the cursor (circle) over one of the dots on 




screen. Switch to MAP EXPAND and make the final 
positioning. The no trigger light will now go out and 
pressing Table A pushbutton will display the 16 
address words beginning at the point located with the 
cursor. 



7. VIEWING ADDRESS AND DATA LINES 

When program deviations are found, the reason may 
be as simple as a program error or as complicated as 
a hardware failure on the Data Bus or in peripheral 
memory. Additional input channels now become very 
desirable. By combining the 1600A and the 1607A 
the display and trigger capability can be expanded to 
32 bits wide, allowing the full 16 bits of address, 
8 bits of data, and eight other active lines to be viewed 
simultaneously. Connect the instrument as follows: 

1. Connect the data cable between rear-panel 
connectors. 

2. Connect trigger bus cable between instru- 
ment front panel bus connectors. 

3. Select Trigger mode "WORD" on 1600A. 

4. Select "BUS" and "OFF" on the 1 607A. 



5. Select "Start Display", SAMPLE MODE 
"Single" on both Analyzers, and TABLE 
"A&B" on the 1600A. 

6. Set Threshold and Logic Polarity on 1607Ato 
be the same as the 1 600A. 

7. Leave all other pushbuttons "out" on 
1607A. 

8. Leave the 1600A set up as in Section 3. 

9. Connect data and clock inputs for 1607A 
to the SC/MP as follows: 

a. Data inputs on 1607A 0 through 7 to 
SC/MP DBO through DB7 respectively. 

b. Clock input to SC/MP pin 2. 

c. Grounds to appropriate point(s). 

10. Press "Reset" on both Logic State Ana- 
lyzers and restart system. 

11. Set Column Blanking on 1607A to display 
8 columns. 




Figure 3. Typical Test Setup of 1600A and 1607A for Displaying up to 
V 3? Bits of Information J 
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8. DISPLAY INTERPRETATION OF AD- 
DRESS AND DATA BUSES 

Operating the Logic State Analyzer system as 
set up in section seven, the display shows all the 
activity on the address and data buses during 
system operation. Even though there is a 16-bit 
address register in the SC/MP, the output is not 
latched in our test system and the display shows 
only what is on the 12-bit address bus. 

Figure 4A is the Logic State Analyzer display of 
address and data activity in the SC/MP while 
operating from the program listed in figure 4B. The 
first six program steps load an 8-bit address into 
Pointer 1 for use later in the program. At program 
step 008 and 088, the program calls for a jump to 
address 0D2, and by examining the display you 
can see these jump instructions being executed. 



The next portion of the program loads data from 
I/O Port 1 into the accumulator. Pointer 1 ad- 
dresses I/O Port 1 and it is here that the address 
03F4 from earlier steps is used. The display shows 
that each of these program steps is completed 
accurately. Similiar analysis will show the imple- 
mentation of each instruction in the program. 

9. CONCLUSION 

From the foregoing examples, it may be concluded 
that efficient troubleshooting of National Semicon- 
ductor SC/MP /yP systems is expedited by two factors. 
First: availability of the program listing, the definitive 
document of program execution; and Second: the 
availability of real time Logic State Analysis to c'isplay 
system operation in terms of actual logic bits for rapid 
error detection and correction. 



0000 0000 0001 

COOO 0000 0010 

0000 0000 0011 
0000 0000 0100 

8888 8888 8l?i 
8888 8888 ?^ 

8888 1888 



0000 1 101 coil 



0000 1101 0101 
0000 1 101 Olio 



III* >■>][> >n 



0011 0101 
I 100 0100 



0001 

i?8i^ 

0000 1000 



1 1 [•.•M*.*.*l I 



0101 0011 

8^ 



(A) 

Figure 4. Display Showing Address and Data Bus Activity. 



001 


C4 


LDI 


Two byte Instruction to load AC with 


002 




DATA 


high order bits (03ig) for Pointer 1. 


003 / 


^35\ 


XPAH 


Load (AC) into Pointer 1 MSB. 


004 / 


C4 \ 


LDI 


Two byte instruction to load AC with low 


005 


JfTL ' 


y DATA 


order bits (F4i6) for Pointer 1. 


006 v^ 


31 \ 


A XPAL 


Load (AC) Into Pointer 1 LSB (Pointer 1 








03F4). 


007 


90 


JMP 


Two byte instruction Indicates how many 


looih^ 


7E 


OISP 


program steps to |ump. 



087 



JIMP 
DISP 



Two byte Instruction Indicates how many 
program steps to jump. 



-(od|-*. 


08 


NOP 


No operation. 


0D3 


CI 


LD 


Two byte Instruction to load I/O Port 


0D4 


00 


DISP 


1 Into AC. 


-f3F4l 


53 


DATA 


Data secured from I/O port addressed by 








Pointer 1. 


0D5 


D4 


ANI 


Two byte Instruction to "AND" data from 


0D6 


FO 


DATA 


Pointer 1 with (FO^g). 


0D7 


9C 


JNZ 


Two byte Instruction to loop to 0D3 If 


ODB 


FA 


DISP 


/«v (AC) / 0. 



(B) 



Application Notes In the 167 series with the primary In8trument(s) used In parenthesis. 



167-1 
167-2 
167-3 
167-4 



167-5 

167-6 
167-7 
167-8 
167-9 



The Logic Analyzer (5000A) 

Digital Triggering for Analog Measurements (1601L) 
Functional Digital Analysis (1601 L). 

Engineering in The Data Domain Calls tor a New Kind of Digital Instrument 
(Describes measurement problems and various solutions with applicable in- 
struments) 

Troubleshooting in the Data Domain is Simplified by Logic Analyzers (1600A and 
1607A) 

Mapping, a Dynamic Display of Digital System Operation (1600A). 
Supplementary Data from Map Displays without Changing Probes (1600A) 
Stable Displays of Disc System Waveforms Synchronized to Record Address ( 1 620A) 
Functional Analysis of Motorola M6800 Microprocessor Systems (1600A and 
1607A) 



16/10 Using the 1 620A for Serial Pattern Recognition (1620A) 

167 1 1 F unctional Analysis of Intel 8008 Microprocessor Systems (1600A and 1607A) 

167-1? Funclional Analysis of Fairchild F8 Microprocessor Systems (1600A and 1607A) 

167-13 The Role of Logic State Analyzers in Microprocessor Based Designs (1600A 
and 1607A) 

167-14 Functional Analysis of 8080 Microprocessor Systems (1600A and 1607A). 

167-15 f-unctional Analysis of Intel 4004 Microprocessor Systems (1600A and 1607A). 

167-16 Functional Analysis of Intel 4040 Microprocessor Systems (1600A and 1607A) 

167 1 7 Functional Analysis of National IMP Microprocessor Systems (1600A and 1607A). 



VIDEO TAPE SERIES: This four hour series titled "The Data Domain Its Analysis 
and Measurements" introduces logic state analysis and measurement techniques unique 
to the data domain Contact your HP Field Engineer for price and availability of 

this color tape series 



HEWLETT JiD] PACKARD 



For More Information Call Your Local HP Sales Office or, m US. East (301) 948-6370 Midwest (312) 677-0400 South (404) 434-4000 West (213) 877- 1282 Or Wnic Hewlett-Packard 
1501 Page Mill Road. Palo Alto, Ca!i<ornia 94304 In Europe. Post Office Box 85 CH-1217 Meynn 2. Geneva. Swtzeriand in Japan. YHP 1 -59-i Yoyogi Shibuya-Ku. Tokyo. 1 51 

5952-2025 PRINTED IN U.S.A. 



BINARY-TO-BCD 

CONVERSION 

PROGRAM 



by Barry Cloud 
Bower Industries 
P.O. Box 1631 
Orange, OA 92668 

This program is designed to convert a binary number to a 
BCD format and output it on a teletype. The basis of the 
Program is a simple algorithm for binary to decimal 
conversion. The algorithm is as follows: 

^ 1. Find the highest order 'one' bit and set the 
'accumulator' to one. 

2. Shift to the next lowest order bit and double the 
accumulator. 

3. If this bit is a 'zero' return to step 2. If it is a 'one' 
then add one to the accumulator and return to step 2. 

4. Repeat steps 2 and 3 until each bit of the number 
has been processed. The 'accumulator' now contains 
the decimal representation of the binary number. 

The program was tested on a PACE Development System 
and is written in two parts — conversion and TTY output. 
The output portion, which begins at lable TTY:, may be 
removed without impairing the execution of the 
conversion portion. In this case the BCD result would 
be found in ACO. 

It is assumed that the main program has already loaded 
the number to be converted into AC1 and has cleared 
the remaining accumulators. 

Even though the conversion algorithm is functional for 
any size binary number, this program restricts the 
rinagnitude to 9999 (decimal) due to accumulator 
overflow. Note that nowhere in the program is this 
limitation enforced. 

The program listing and flowchart are shown below. 

MAX NUMBER IS 9999 DECIMAL 
ACO— ADDITION & OUTPUT REG 
AC1— NUM TO BE CONVERTED & 

OUTPUT SHIFTING 
;AC2— DOWN COUNTERS 



NEXT: 


ST 


0,REG 


SET REG^ACO 




SHL 


1,1,1 


SHIFT LEFT 1 




DECA 


0,REG 


DECIMAL ADD 




BOO 


8,ADD 


TEST LINK = 1 


DECR: 


AISZ 


2,-1 


DECR COUNTER 




JMP 


NEXT 


NOT ZERO 




JMP 


TTY 


ZERO 


ADD: 


DECA 


CONE 


DECIMAL ADD 1 




JMP 


DECR 




TTY: 


LI 


2,4 


SET AC2 = 4 




ROPY 


0,1 


COPY ACO TO AC1 




ROR 


1,4,0 


ROTATE RT 4 


ATTY: 


ROPY 


1,0 


COPY AC1 TO ACO 




AND 


0,MASK ACO=OXOO 




ADD 


0,THIRTY 


AC0=3X20 




JSR 


@PUT2C 


OUTPUT TO TTY 




ROL 


1,4,0 


ROTATE LT 4 




AISZ 


2,-1 


DECR COUNTER 




JMP 


ATTY 






LD 


0,FINISH 


ACO=ODOA 




JSR 


@PUT2C 


OUTPUT TO TTY 




HALT 






REG: 


.WORD 


0 




ONE: 


.WORD 


X'0001 




MASK: 


.WORD 


X'OFOO 




THIRTY: 


.WORD 


X'3020 




PUT2C: 


.WORD 


X7EC1 




FINISH: 


.WORD 


X'ODOA 






.END 


CONV 







.TITLE 


BINBCD 




CONV: 


LI 


0,0 


LD ACO = 0 




LI 


2,16 


LD AC2 = 16 


SEEK: 


SHL 


1,1,1 


SHIFT LEFT 1 




BOC 


8,YES 


TEST LINK = 1 




AISZ 


2,-1 


DECR COUNTER 




JMP 


SEEK 


NOT ZERO 




JMP 


TTY 


ZERO 


YES: 


LI 


0,1 


LD AC0 = 1 




AISZ 


2,-1 


DECR COUNTER 




JMP 


NEXT 


NOT ZERO 




JMP 


TTY 


ZERO 



^ START 



ACCUMULATORS 





o 











SET 

ACCUMULATOR 


1 




o 




BINARY TO BCD CONVERSION 



COMPUTE Newsletter • Vol. 2, No. 10 



7 



National Semiconductor Corporation 

2900 Semiconductor Drive, Santa Clara, California 95051 
(408) 737-5000/TWX (910) 339-9240 



SALES OFFICES AND REPRESENTATIVES 



ALABAMA 

National Semiconductor 
Dixie Regional Office 

3322 Memorial Pkway, S.W. 
Suite 14 

Huntsville, Alabama 35801 
(205) 881-0622 
TWX: 810-726-2207 

Interep Associates, Inc. 
3322 Memorial Pkway, S.W. - 67 
Huntsville, Alabama 35801 
(205) 881-3677 



ARIZONA 

National Semiconductor 

Rocky Mountain Regional Office 

7353 Sixth Avenue 
Scottsdale, Arizona 85251 
(602) 945-8473 
TWX: 910-950-1195 

Fred Board Associates 
P.O. Box 1906 
Scottsdale, Arizona 85252 
(602) 994-9388 
TWX; 910-950-1195 



CALIFORNIA 

National Semiconductor 
North-West Regional Office 

1333 Lawrence Expressway 
Suite 258 

Santa Clara, California 95051 
(408) 247-6397 
TWX 910 338-0537 

QuadRep, Inc. 

740 North Mary Avenue 

Sunnyvale, California 94086 

(408) 733 7300 

TWX. 910-339 9278 

National Semiconductor 
Los Angeles Regional Office 

Valley Freeway Center Buildmcj 
15300 Ventura Blvd., Suite 305 
Sherman Oaks, California 91403 
(213) 783-8272 
TWX: 910-495-1773 

S. R. Flectromcs 

8333 Clairemont Mesa Blvd. 

Suite 213 

San Diego, California 9211 1 
(714) 565-841 1 
TWX 910-335-1566 

National Semiconductor 
Southern California 
Regional Office 

17452 Irvine Blvd., Suite M 
Tustm, California 92680 
(714) 832 81 13 
TWX. 910 595-1523 

National Semiconductor 
District Sales Office 

8333 Clairemont Mesa Blvd 
Suite 213 

San Diego, California 921 1 1 
(714) 565-841 1 
TWX 910-335 1566 

COLORADO 

Electrodyne, Inc " 
4600 East Asbury Circle 
Suite 402 

Denver, Colorado 80222 
(303) 757-7679 
TWX: 910-931-0428 

CONNECTICUT 

NRG Limited 
50 Post Road 

Westport, Connecticut 06880 
(203) 226-7527 
TWX: 710-457-2169 

FLORIDA 

National Semiconductor 
Regional Office 

1001 N.W. 62nd Street, Suite 100 
Ft. Lauderdale, Florida 33309 
(305) 772-6970 

GEORGIA 

Interep Associates, Inc. 
7 Dunwoody Park, Suite 1 12 
Atlanta, Georgia 30341 
(404) 394-7756 
TWX: 810-757-0182 



ILLINOIS 

National Semiconductor 
West-Central Regional Office 

800 E. Northwest Highway 
Suite 203 

Mt. Prospect, Illinois 60056 
(312) 394-8040 
TWX: 910-689-3346 

Delta Technical Sales 
1500 W. Dempster Street 
Suite 6-104 

Mt. Prospect, Illinois 60056 

(312) 437-9412 

INDIANA 

National Semiconductor 
North-Central Regional Office 

P.O. Box 40073 
Indianapolis, Indiana 46240 
(31 7) 255-5822 
TWX: 810-341-3300 

Advanced Component Sales 

P.O. Box 26407 

5746 Brendon Way West Drive 

Indianapolis, Indiana 46226 

(317) 545-6441 

TWX: 810-341-3233 

Advanced Component Sales 
1010 Memorial Way, Suite 1 
Fort Wayne, Indiana 46805 
(219) 484-0722 
TWX: 810-332-1472 

IOWA 

Gassner & Clark Co 

1834 Blairs Ferry Rood N.t. 

Cedar Rapids, lowo 52402 

(319) 393-5763 

TWX: 910-525-2051 

MARYLAND 

National Semiconductor 
Capitol Regional Office 

95 Aquahart Rond, Suite 204 
Glen Burnie, Maryland 21061 
(301) 760 5220 
TWX 710 867 0508 

TRIMARK, Inc 

95 Aquahart Road. Suite 204 

Glen Burnie, Maryland 21061 

(301) 768 2800 

TWX 710-867 0508 

MASSACHUSETTS 

National Semiconductor 
North-East Regional Office 

8 Wallis Court 

Lexington, Massachusetts 021 73 
(617) 861-6090 
TWX 710 326-6979 

A/D Systems Sales, Inc 

594 Miirrett Road 

Lexington, Massachusetts 021 73 

(617) 861 6370 

MICHIGAN 

National Semiconductor 
District Sales Office 

27650 Farmington Road 
Farmington Hills, Michigan 48024 

(313) 477 0400 
TWX 810 242-2902 

Representative of Electronic Products* 

No Park Office Plaza 

17117 West 9-Mile Road, Suite 420 

Southfield, Michigan 48075 

(313) 559 1080 

TWX 810-224-4976 

Representative of Electronic Products 
3501 Lake Eastbrook S.E. 
Grand Rapids, Michigan 49506 
(616) 942 1320 

MINNESOTA 

National Semiconductor 
Regional Office 

8053 Bloomington Freeway 
Suite 101 

Minneapolis, Minnesota 55420 
(612) 888-3060 
Telex: 290-766 

Stan Clothier Co, * 

9701 Penn Avenue S., Suite 109 

Minneapolis, Minnesota 55431 

(612) 888-4666 

TWX: 910-576-3415 



Cen Tech 
6310 Ash 

Raytown, Missouri 641 1 1 
(816) 358-8100 
TWX: 910-777-2007 

Cen Tech 

320 Brookes Lane, Room 210 
Hazelwood, Missouri 63042 
(314) 731-4220 
TWX: 910 762-0638 



NEW JERSEY 

National Semiconductor 
District Sales Office 

140 Sylvan Avenue 

Englewood Cliffs, New Jersey 07632 

(201) 461-5959 

TWX: 710 991-9734 

National Semiconductor 
Area Sales Office 

14 Commerce Drive 
Cranford, New Jersey 07016 
(201) 272-3344 
TWX: 710-996-5803 

New Jersey NECCO 
2460 Lemome Avenue 
Foit Lee, New Jersey 07024 
(201) 461 2789 
Telex 134-526 

NEW MEXICO 

A. Q. Electronics 
P.O. Box 6505 

Albuquerque, New Mexico 87107 
(505) 883 1003 
TWX: 910 989 1653 

NEW YORK 
Upstate Area 

National Semiconductor 

CAN-AM Regional Office 

104 Picka-d Drive 
Syracuse, New York 1321 1 
(315) 455 5858 

Flecira Sales Corp. 
104 Pickard Drive 
Syracuse, New York 1321 1 
(315) 455 5783 
TWX 710 541 0418 

Electr.j Sales Corp. 
474 Thurston Road 
Rochester, New York 14619 
(716) 436-4030, (716) 436-4037 

National Semiconductor 
Regional Office 

576 South Road, Room 128 
Poughkeepsie, New York 12601 
(914) 462 2380 
TWX 510 248-0043 

Metropolitan Area 

LEJ Component Sales 
401 Broad Hollow Road 
Melville, New York 1 1 746 
(516) 694 9090 

National Semiconductor 
Mid-Atlantic Regional Office 

(516) 921 2589 
TWX. 710-479-3512 

NORTH CAROLINA 

Engineering Devices Corporation 
Route 5, Box 185 
Marion, North Carolina 28752 
(704) 738 4716 



OHIO 

National Semiconductor 
East Central Regional Office 

19 Alpha Park 

Highland Heights, Ohio 44143 
(216) 461 0191 

Micro-Tec 

24800 Chagrin Blvd. 
Bcachwood, Ohio 44122 
(216) 464 7043 
TWX: 810-427 2691 

Micro-Tec, Inc. 
1413 Acorn Drive 
Dayton, Ohio 45419 
(513) 294-6441 
TWX 810-459 1615 



OREGON 

Vantage Corp. 

3950 S.W. 102nd Street, Suite 122 
Beaverton, Oregon 97005 
(503) 646-3466 

PENNSYLVANIA 

National Semiconductor 
Liberty Regional Office 

500 Office Center Drive 

Ft. Washington, Pennsylvania 19034 

(215) 628-8877 

TWX: 510-661-3986 

Omega Electronic Sales, Inc. 

1 Fairway Plaza Philmont Avenue 

Red Lion Road, Suite 210 

Huntington Valley, Pennsylvania 19006 

(215) 947-4135 

TWX: 510-665-5485 

TEXAS 

National Semiconductor 
South-Central Regional Office 

13773 No. Central Expressway 

Suite 1 132 

Dallas, Texas 75243 

(214) 690-4552 

TWX: 910-867-4741 

A 0 Electronics 

221 1 East Missouri Street 

Suite N-218 

El Paso, Texas 79903 

(915) 545-2363 

Carter Associates, Inc. 
P.O. Box 87 
Garland, Texas 75040 
(214) 276-7151 
TWX 910-860-5097 

Carter Associates, Inc.* 
3701 West Alabama Street 
Suite 360 

Houston, Texas 77027 
(713) 621-6930 

UTAH 

Electrodyne, Inc. 

P.O. Box 9283 

Salt Lake City, Utah 84109 

(801) 277-8392 

WASHINGTON 

National Semiconductor 
District Sales Office 

300 - 120th N.E. Avenue 
BIdg. 2, Suite 205 
Bellevue, Washington 98005 
(206) 454-4600 

Vantage Corp. 
300 - i20th N.E. Avenue 
Building 2, Suite 207 
Bellevue, Washington 98005 
(206) 455-3460 



CANADA 
Western Provinces 

National Semiconductor 

District Sales Office 

300 - 120th N.E. Avenue 
Building 2, Suite 205 
Bellevue, Washington 98005 
(206) 455-3460 

Vantage Corp. 
300 - 120th N.E. Avenue 
Building 2, Suite 207 
Bellevue, Washington 98005 
(206) 455-3460 

Eastern Provinces 

National Semiconductor 
District Sales Office 

286 Wildcat Road 
Downview, Ontario M3J 2N5 
(416) 661-8022 

Canadian Microsales, Inc. 
2780 Slough Street 
Mississauga, Ontario L4T 1G3 
(416) 677-6633 



"Applications Engineer Available 
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CONiPUTE UBRARY SUBWIITTAL FORM 



Function 



Required 
Hardware 



Required 
Software 



Input 
Parameters 



Output 
Results 



□ SC/MP □ PACE □ IMP-16 

□ PACER n SCAMPER 


□ OTHER 


(use additional sheets if necessary) 


Registers Modified: 


Assembler/Compiler Used: 


RAM Required: 


Programmer: 


ROM Required: 


Company: 


Date Submitted: 


Address: 


Maximum Subroutine Nesting Level: 


Phone: 
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1. Complete Submittal Form as follows: 

a. Processor (check appropriate box) 

b. Program title: Name or brief description of program function 

c. Function: description of operations performed by the program 

d. Required hardware/firmware/software 
For example: TTY 



e. Input parameters: Description of register values, memory areas or values accepted from input ports 

f. Output results: Values to be expected in registers, memory areas or on output ports 

g. Program details 

1 . Registers modified 

2. RAM required (bytes) 

3. ROM required (bytes) 

4. Maximum subroutine nexting level 

h. Assembler/Compiler used 
For example: SM/PL 



i. Programmer and company 

2. A source listing of the program and paper tape should be included 

3. A test program which assures the validity of the contributed program is useful to include for user. 
This is for the user's verification: 

Each library program submitted entitles you or one of your colleagues to a free membership. 
Name and add Address for free COMPUTE membership. 



SEND COMPLETED FORMS WITH PROGRAM LISTINGS AND SOURCE TAPES TO: 



High Speed Printer 
Arithmetic CROM 
POWR I/O CROM 
EXTENDED CROM 
TTY routines 
Floating point package 

Support software required for cross products 



IMPASM, PASM 

PACE CROSS ASSEMBLER 

SC/MP CROSS ASSEMBLER 



Name. 



Company 



COMPUTE/115 



National Semiconudctor Corp. Gmbh 
808 Fuerstenfeldbruck 
Industriestrasse 10 
GERMANY 
ATTN: Phil Hughes 



National Semiconductor 
2900 Semiconductor Dr. 
Santa Clara, CA 95051 
ATTN: Georgia Marszaiek 



OR 
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CLASS SCHEDULE: 



TRAINING 

.CENTER 

CLASSES 


casiern 
Training 
Center 
(Miami) 


wesiern 
Training 
Center 
(Santa Clara) 


Microprocessor 
Fundamentals 


November 8 
January 10 


October 25 
November 29 
January 10 


IMP-16/PACE 

Annli/^siti/^nc 

M|J|Jlli#CillUll9 


January 24 


November 1 
Jdi 1 udry 1 / 


SC/MP 
Applications 


November 15 
January 1 7 


November 8 
January 24 


Advanced 
Programming 


January 31 


January 31 



the Road with SC/MP Applications 



3-Day 


October 19-21 


Detroit, Ml 


SC/MP 


October 19-21 


Charlotte, NC 


Course 


November 2-4 


Cleveland, OH 




November 9-1 1 


Detroit, Ml 




Contact: Tom Harper 


(305) 661-7971 


5-Day 


October 18-22 


Santa Ana, CA 


SC/MP 


Contact: Rich Lee 


(714) 832-8113 


jCourse 




VAM-1 PM) 


November 15-19 


Denver, CO 




Contact: Gene Cloud 


(303) 757-7679 



SERVICES . . . 

PUNCHED TAPE DUPLICATING SERVICE 

Let us do your punched tape duplicating for you. Our low 
j^erhead permits us to do this for you at less cost than 
9lu are currently incurring. We use a computer controlled 
system to punch and verify for guaranteed accuracy. 

VERIFICATION PROCEDURES 

Our verification procedure is as follows: 

1. Read your master into computer memory and also 
calculate a checksum. 

2. Verify your master against memory (every single bit) 
and also verify the checksum. 

3. Each copy punched is also verified against memory 
(every single bit) and its checksum also checked. 

PRICES 

The following price table is for 8 channel, fanfold, gray, 
oiled paper tape with top arrow. Prices vary according 
to the number of copies of each tape. Prices are per foot. 



# of Copies 

5 to 9 
10 to 19 
20 to 49 
50 to 99 
100 to 299 
300 to 599 



Price Per Foot 

.03 
.024 
.022 
.02 
.019 
.018 



600 to 1499 .017 

1500 to 4999 .016 

5000 and up .015 
Black unoiled tape Add 20% 
Gray unoiled tape Add 10% 

Black oiled tape Add 5% 

Minimum order is $60. 
LABELS 

We will print and apply labels to the duplicated paper 
tapes for 10^ per label. The labels available are either 
3V2" X 15/16" or 5" X 15/16". Each label may contain up to 
7 lines of information. The 3V2" labels permit up to 28 
characters/line and the 5" labels permit up to 43 
characters/line. 

SHEPARDSON MICRO SYSTEMS, INC. 
Suite 302, 10601 S. De Anza Blvd. 
Cupertino, CA 95014 
(408) 257-2996 

New Publications 



MICROPROCESSORS, a new quarterly journal, sets 
out to answer you are likely to ask and to keep you 
up-to-date on the latest developments. 

Scope of the journal 

• New developments in hardware 

• Architecture of microprocessors and microcomputers 
and system design 

• Languages, software code and microprogramming 

• Applications 

• Standards, interfaces, emulation. 



The journal will contain: 

• Technical articles covering developments and 
applications 

• Commissioned reviews 

• Current work in institutes and universities throughout 
the world 

• Educational series 

• Standards 

MICROPROCESSORS will be published quarterly 

commencing in Autumn 1976. 

For more information contact: 

Derek R. Smith, 

IPC Science and Technology Press Ltd., IPC House 
32 High Street 

Guildford, Surrey, England GUI 3EW 
Telephone: Guildford (0483) 71661 
Telex: Scitechpress Gd. 859556 

Please reserve my subscription to 
MICROPROCESSORS Volume 1 

I should like to submit a paper YES □ NO □ 

Name 

Position 

Organization and address 

Signature 

Date 
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UNITED STATES 

COMPUTE/115 

NATIONAL SEMICONDUCTOR CORP. 
2900 SEMICONDUCTOR DRIVE 
SANTA CLARA, CA. 95051 
TEL: (408) 247-7924 
TWX: 910-338-0537 

EUROPE 
GERMANY 

National Semiconductor GmBH 
808 Fuerstenfeldbruck 
Industriestrasse 10 
Tel: 08141/1371 
Telex: 05-27649 

AUSTRALIA 

NS Electronics Pty Ltd 
Cnr. Stud Rd. & Mtn. Highway 
Bayswater, Victoria 3153 
Tel : 03-729-6333 
Telex: 32096 
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